Correlation between the behavior of magnetic iron oxide particles in the lungs of rabbits and phagocytosis.
Five New Zealand white male rabbits were exposed (30 min; 300 mg/m3) to a submicrometric magnetic iron oxide aerosol (gamma-Fe2O3) produced by burning iron pentacarbonyl in a reducing atmosphere. After aerosol inhalation, an external magnetic field was applied to the rabbits to magnetize and align the ferrimagnetic particles within their lungs. After removal of the external field, a remanent magnetic field was detectable at the body surface. Using a flux-gate magnetometer probe in an enclosure shielded against external magnetic noise, the peak remanent field after magnetization was measured periodically during the next 6 weeks. After each magnetization, the strength of the remanent field decayed rapidly with time (relaxation). The mechanism responsible is particle rotation caused by tissue, cell, organelle, or Brownian movement. The rate of relaxation changed with time after particle inhalation, especially during the first day; changes in the relaxation rate correlated with an estimate of in situ particle phagocytosis during that time. Analysis of pulmonary lavage fluid from 15 rabbits into which radioactive gold-198 had been intratracheally instilled showed that, at 1 hr after instillation, 27% of the gold had been phagocytized, whereas at 16 hr 91% had been ingested. The strength of the magnetic field immediately after each magnetization (that is, before relaxation) was used to estimate the amount of iron oxide in the lungs. At 1 day after exposure, 96.8 +/- 8.8% (mean +/- standard error) of the initial dust was still present; at 10 days, 67.9 +/- 16.2%; and at 40 days, 16.0 +/- 4.6%. It is concluded that ferrimagnetic particles can serve as an easily measured, long-lasting marker that can be used for noninvasive studies of clearance and of particle phagocytosis and as a probe for intracellular processes such as organelle motion.